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B ACTERIAL ACTIVITIES I N  A N  ORCHARD SOIL 
RuDGER H. ·WALKER 
One of the chi e f  problems with which soils investigators have 
been concerned for a number of years i s  that o f  securing a bb­
oratory test that will serve as an index to the ferti lity of  the soi l .  
In as much as nitrogen i s  so important an element in crop pro­
duction i t  is  believed that the power o f  the micro-organisms to 
oxidize the nitrogen o f  the soil would be an indication of the crop 
producing power of that soil . A very good review of the literature 
on this subj ect has been given by \Vaksman. ( 1 )  ( 2 )  A fter a de­
tailed i nvestigation of this problem he came to the conclusion that 
the ammonification test could not be used as a criterion in  determin­
i ng the fert i l ity of the soi l .  On the other hand he found a very 
close correlation between the crop producing power o f  the soil 
and its nitri fying power. 
The invest igations conducted at the State Experimental Orchard 
at Council Bluffs during the past 15 years i ndicate that nitrogen 
is the limiting e lement in  the growth and yield of  the orchard 
trees. Also that the bacterial  flora play an important role i n  the 
nitrogen changes which take place in the soils of this orchard . 
This orchard has been under four d istinct cultural treatments 
during that time. Plots 100 and 600 have been under a clover 
sod culture. Plots 200 and 500 have been cultiv ated i n  the earlier 
part o f  the season and sown to some cover crop for the l ate 
summer. Plot 300 has been under clean cultivation without any 
crop. Plot 400 has been left  as  a check plot and has receive<l no 
treatment other than the natural growth of a blue grass sod.  The 
effects of these various cultural treatments upon the yield o f  fruit 
has bee�1 very marked as  i s  shown in  Table I .  
TAB LE I 
AVERAGE Y I E LD PER ACRE P ER Y EAR IN POUND S OF A P ­
P LES F O R  T H E  PAST TEX YEARS 
I n  view o f  these facts it ·was  deemed ach· isable to make a bac­
teriological study of the nitrogen changes of the soils under these 
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various cu ltural treatments,  with special reference to their arnmoni­
fying and nitri fying powers.  
For the purpose of  this study samples o f  the sur f ace and sub­
surface soi ls  from each of these plots were taken in September 
1924 and shipped to the State College greenhouse. The soils were 
then screened and placed in one gal lon gfazed earthenware pots .  
Twelve pots were filled with surface soil  and twelve with sub­
surface soil from each of  the six orchard cultural  treatments .  
Four of each twelve were treated with dried blood,  four with 
ammonium sul fate, and four were left  untreated . The dr:ed blood 
and ammonium sul f ate applications were made on the basis of an 
equivalent amount of nitrogen to that contained in a one hundred 
pound per acre application o f  nitrate of soda . The so'.ls were 
incubated in the greenhouse for a period o f  20 weeks .  The mois­
ture content was kept optimum by f requent additions of  distilled 
water. Samples were taken at intervals of  four weeks and 
anal yzed for nitrate and ammonia nitrogen . The ammonia was 
determined by the aeration method, and the n itrates by the phenol­
di-sulfonic acid method. The ammonia determinations were dis­
continued a f ter the first 12  weeks, because there was no ammonia 
nitrogen found in any o f  the samples.  This was probably due to 
such a long incubation period, namely 4 weeks .  before the  first 
s amples were taken. It i s  bel ieved that the nitrogen of the ma­
terials added had been oxidized beyond the ammonia stage by that 
time. The results of  the nitrate determinations are presented in 
Table I I .  
TADLE I I  
N ITRATES IN PARTS PER MI LLION AS A N  AVERAGE O F  720 
DETER M I N ATIO K S  
------- --=============-=======
Cntreated soils . . . . . . . . . . . . . . . . . . . . . .  . 
Treated with dried b lood . . . . . . . . . . .  . ' . 
Treated with ammon ium sulfate . . . . . .  . 
I 'I CLEAN 
'CHEC K  
Cwv1'R CovER CuL'l'I- DLuE Son CROP VATION GRAS S  
1 ___ 1 
__ Son 
1 8.6 . · 1 1 1 .7 I 10.2 
I 
6.9 
25.4 14.3 I j 5.7 1 5 .8 
29.2 20. 7 I 1 7.8 1 5 . 7  
Figures representing the nitrate content of  a soi l  which are based 
upon the average o f  several determinations and extending through­
out a long period of time, as these should give a true estimate o f  
t h e  nitrogen oxidiz ing power. Assuming this to be trne and that 
the average yield of fruit for the past ten years i s  an indication 
of the crop producing power of the various plots it is at once 
noticed from the results that there i s  a very close relationship 
between the two. Because the biological condition o f  a soil  is  
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clependent upon the chemica 1 an cl physical cond itions, and that 
the fertil ity o f  a soil is cl epenclent upon elements other than nitro­
gen , the kine! of crop grown and various other factors ,  i t  cou ld 
not be expected that the 11; trogen oxidizing power o f a soil would 
he an exact mathem<itical interpretation of the crop producing 
power. On the other hand if these two factob showed a reason­
ably close correlation from time to time am! under various cond i ­
tions there is no reason why this te-t cuukl not he used by the scien­
t i s t  who was acquainted with the physical ancl chemical nature o f  
soils i n  interpret ing the producing capacity o f  a soi l .  
In Fignre I i s  shown a graphic representation of tbe figures in 
Table 1 and IT. These graphs show rather clefinitely that there i s  
a correlation between the  crop proch1ctivity of a soil on the one 
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f i g-. 1. G ra p h s  s h o w i n g  c o r relation between crop p r o d u c i n g  po\v e r  a n rl nitrogen 
o x i d i z i n g  po\ver o f  Yar!o nsly treated orchard s o i l s .  
I f  the materi:ils u secl be compared as to their efficiency as a 
source o f  nitrogen for this test it will be noticed that the correlation 
i s  greater with the arn11 011 ium sul fate t reated soils and the tm­
tre<itecl soils ; \Yhilc the correlation was the least when dried blood 
was used . Thi s would probably indicaite that clriecl blood was not 
as efficient as a source of nitrogen as ammonium sul fate or the 
soils own n i trogen . 
SU:\l l\L\RY 
The results o f  seYeral investigators as i �  reported by \Vaksman, 3
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( 1 )  ( 2 )  point to the fact that there is a close correlation between 
the crop producing power of a soil and its nitrogen oxidizing 
power. 
The work reported here was a study o f  tbe nitrogen oxidizing 
power of the soils in an orchard which have been under four 
distinct cultural treatments for the past 15 years. 
The nitrogen oxidizing power of these soils was compared with 
their crop producing power. The average yield of fruit during 
the past ten years was used as a measure o f the crop producing 
power. 
There i s  a definite correlation between the crop producing power 
of these soils and their nitrogen oxidizing power. 
Dried blood a s  a source of  nitrogen did not give as close a 
correlation as did ammonium sulfate or the soil's own nitrogen. 
CONCLUSIONS 
The nitrogen oxidizing power of a soil as determined by its 
average nitrate content throughout a long period of incubation, 
accompanied by a knowledge o f  its physical and chemical nature 
will serve as a criterion of  its crop producing power. 
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